Introduction
The auditory evoked response tests can be classified according to the time taken by the auditory pathway to respond to an acoustic stimulus, which may be called short, medium or long latency. The Brainstem Auditory Evoked Response (BAER) is a short-latency, objective and non-invasive test that aims to assess the electrophysiological activity of the auditory system up to the brainstem. It provides bioelectric responses resulting from successive activation of the cochlea and nerve fibers of this pathway until the portion of the lateral lemniscus.
complex changes need quick and synchronous neural responses so that there is an efficient encoding of the captured sound.
3 It should be emphasized that there is no need for conscious perception of sound, that is, the subject does not need to pay attention to the speech stimulus. In addition, it is considered to be a quick test that can also be used as a biomarker, 4 showing the result of a speech therapy. 5 This is the reason why it is important to study this stimulus in a sample who presents hearing loss, aiming to discover if it can be used in the evaluation of this population. The BAER tests are usually performed binaurally, with the exception of the speech-evoked auditory brainstem response (ABR), which is performed only in the right ear, as suggested in the protocol of a researcher 6 because of left brain dominance in language processing. Information sent by the peripheral auditory system is transmitted mostly by crossed auditory pathways, with great advantage of the contralateral hemisphere. Thus, the response to this stimulus gives rise to a tracing which, before 10 ms, includes complex V (positive peak) -A (negative peak). Later, the tracing is composed of a sequence of negative peaks (C, D, E, F and O) with latencies between 18 and 40 ms, with C and F being the most frequent and most easily observed (Filippini, 2011) . 8 Brainstem responses to this stimulation can be divided into transient portion and sustained portion; respectively, the onset (beginning of the stimulus) and the frequency-following response (FFR) components of the responses. The onset responses are similar processes to the click, and they represent the response at the beginning of the stimulus and the transition from the consonant to the vowel (Russo, Nicol, Musacchia, Kraus, 2004) . 6 By contrast, the FFR reflects the harmonic structure of the vowel that remains during the reproduction of a periodic stimulus. It shows the overall integrity of the response in comparison with the stimulus. 6 More specifically, the transition between /d/ and /a/ is shown in trough wave C, and the end of the stimulus (/a/) is evidenced in trough wave O.
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In the literature review, some authors (Abrams, Kraus, 2009) 10 discussed the onset and FFR portions and described them in detail. This represents the importance of the tracing as a whole in the analysis, that is, both portions of the tracingresponse provide crucial and indispensable information on the form of speech encoding. The acoustic onset represents the spectral and temporal properties of the stimulus that varies according to its phonetic information. The structure of the formant is the combination between the frequency and the resonance of the vocal tract of the speaker, which are essential for the perception of vowels. The periodicity represents the sound events that occur at regular intervals and are oriented to phonetic features and speech prosody. And the frequency transition provides supra-segmental information about the intent and the emotional state of the speaker. Although the generating sites are not defined, it is known that the speech-evoked ABR shows the operation of a larger region of the brainstem up to the subcortex, in a more complex manner than when performed with a stimulus click.
2 Therefore, a delay and/or absence of waves in the speech-evoked ABR does not necessarily cause a change in the measurements as the click-evoked ABR does, because only the processes involved in the encoding of complex signals can be changed. 11 A change is considered to exist in the test when there are failures in any portion of the tracing of responses. Thus, there is a deficit in synaptic triggers for the codification of the acoustic signal. As aforementioned, complex changes of the stimulus need appropriate neural responses for efficient coding.
3
The hypothesis of this study is that all individuals with up to moderately severe hearing loss present the waves V, A, C, D, E, F, and O in the speech-evoked ABR, because it is believed that this response is not influenced by peripheral hearing loss. Thus, the present study is aimed to investigate the applicability of the speech-evoked ABR in adults with hearing loss.
Method
This was a prospective, quantitative and cross-sectional study. All evaluations were performed at the outpatient audiology clinic of a university hospital. The subjects who agreed to participate in the study were informed about the procedures, risks, benefits, and confidentiality of the data of the research, and signed an informed consent form (ICF), following all the ethical principles according to Resolution 466/12 of the Brazilian Health Council. This study was approved by the Research Ethics Committee under protocol number 25933514.1.0000.5346.
To compose the study group (SG), the researchers contacted subjects that were on the waiting list of a Municipal Health Department for participation in the Hearing Health Program, users of a reference Health Center, and subjects treated by clinical audiology interns in the aforementioned hospital.
The inclusion criteria for the SG were: individuals aged between 18 and 59 years (both male and female), with auditory thresholds within normal standards, as measured by the tritonal mean (0.5 kHz, 1 kHz and 2 kHz) with loss of up to 65 dB in the average of high frequencies (2 kHz, 3 kHz and 4 KHz) or up to moderately severe sensorineural hearing loss, 12 no chronic tinnitus, who spoke Brazilian Portuguese as mother language, were preferably right-handed, and complained of significant difficulty in speech comprehension in acoustically unfavorable environments. In addition, all individuals should have at least the V wave in the clickevoked ABR. The subjects were excluded when they had conductive hearing loss, asymmetric hearing between the ears, neurological disorders and chronic diseases. The researchers assessed 330 records of patients on the waiting list of the Hearing Health Program. However, 324 of them were excluded because they did not meet all the eligibility criteria (moderately severe hearing loss: n ¼ 28; conductive impairment: n ¼ 17; hearing impairment above 65 dB in high frequencies: n ¼ 12; age under 18 or greater than 59 years: n ¼ 261; neurological alterations: n ¼ 6; and chronic tinnitus coexisting with other exclusion criteria: n ¼ 6).
At the Health Center, 246 records were evaluated, but 242 subjects were excluded (hearing loss greater than moderately severe: n ¼ 2; conductive hearing loss: n ¼ 4; asymmetrical auditory thresholds: n ¼ 23; lack of important data: n ¼ 9; auditory thresholds within normal standards: n ¼ 102; and subjects below the age of 18 years or above the age of 59: n ¼ 102).
A total of 21 subjects treated by clinical audiology interns (within the target age range of the study) were contacted, but only 1 met the inclusion criteria (neurological disorders: n ¼ 4; chronic diseases: n ¼ 2; hearing loss > 65 dB at high frequencies: n ¼ 3; and chronic tinnitus alone or coexisting with other exclusion criteria: n ¼ 18). Because of the large number of exclusions, the SG was composed of 11 subjects, 7 women and 4 men.
For comparison purposes, the sample from another study 13 from the same institution was used for reference values. The groups of both studies were submitted to a basic audiological assessment (anamnesis, otoscopy, tonal and vocal audiometries, impedance audiometry) and an electrophysiological assessment by means of click-evoked and speech-evoked ABRs.
The hearing tests were conducted in a soundproof booth, and the evaluations were performed using the following equipment: a Mikatos otoscope; a Phonak Fonix FA-12 audiometer; TDH39 supra-aural headphones and an Interacoustics AT 235 immittance device.
The electrophysiological procedures were performed with a SmartEP device (Intelligent Hearing Systems, Miami, FL, US). Before performing the examination, the subjects' skin was cleaned with NUPREP abrasive paste. Surface electrodes were attached with MAXXI FIX electrolytic paste and microporous bandage in the following manner: the active electrode (Fz) at the central portion and top of the forehead; the grounding electrode (Fpz) at the central portion and bottom of the forehead; and reference electrodes (left and right mastoids) with an impedance 3 KOhms.
The click-evoked ABR was performed in a recording window of 25 ms, with minimum stimulation of 2,048 sweeps, at a rate of 27.7/s, 100 Hz low-pass filter and 3,000 Hz high-pass filter, and a maximum of 10% of the number of artifacts compared with the number of sweeps in each tracing performed with rarefied polarity. The integrity of the auditory pathway was recorded at 80 decibels above normal adult hearing level (dBnHL) or 90 dBnHL (when necessary) in both ears using insert earphones. The criteria to identify the integrity of the auditory pathway were the presence of waves I, III and V, the analysis of latency, and interpeak intervals with reproducibility of tracings.
Regarding the speech-evoked ABR, the stimulus used was the syllable /da/ with 40 ms at the intensity of 80 dBnHL using insert earphones in the right ear. The following parameters were used: registration window of 60 ms; rate of 11.10/s; low-pass filter of 100 Hz and high-pass filter of 3,000 Hz; electroencephalogram (EEG) at 30%; alternate polarity; and an average of 3,000 sweeps from 3 scans of 1,000 sweeps with analysis on the wave resulting from the sum of these scans. Based on the same criteria of the clickevoked ABR, the tracings that were considered were only the ones in which the number of artifacts did not exceed 10% of the number of sweeps. The analysis was performed by joining latency/morphology data and, therefore, a positive peak (V) was marked, followed by successive negative peaks (A, C, D, E, F and O), if they existed. It is worth mentioning that wave O was the last one to be marked, with no trough after it. In addition, tracings were only considered when the number of artifacts did not exceed 10% of the number of sweeps.
Three main researchers performed the markings of the tests. Later, two female speech therapists responsible for the present study reviewed the markings separately at different moments. Therefore, the markings used in the statistics of the study were agreed upon between the authors.
Results
►Fig. 1 shows the resulting waves obtained in adults presenting normal hearing and presenting hearing loss, in the SmartEP device, with markings of peak V, and troughs A, C, D, E, F, and O.
The SG (►Table 1) was composed of 11 ears with the following audiometry settings: 3 ears with the 3-frequency pure tone average (0.5, 1 KHz and 2 KHz) within the normal range, but with downgrade to 65 dB in the averages of acute frequencies (2 KHz, 3 KHz and 4 KHz); and 8 ears with sensorineural hearing loss up to the moderately severe degree in both averages. The data are shown by ear because the speech-evoked ABR was performed in the right ear.
In the analysis of the evoked responses, the SD values of each response are used to check the normality or alteration of them. In this study, when the values found in the SG (►Table 2)
13 were compared with the reference values, while considering the SD of the reference values, there was an increase in latency in trough C.
Discussion
In the present study, peak V and troughs A, C, D, E, F and O were marked. However, we should note that several studies 2, 14, 19, 21 referenced during the discussion analyzed only a few waves of the speech-evoked ABR described in the literature. First, it should be highlighted that, when the reference values of a sample of normal listeners, 13 such as the one used in the present study, are compared with those of studies conducted using other equipment, there can be a difference because the SmartEP device produces modifications in the tracings. This occurred during the comparison with a renowned study 2 that aged between 61 and 78 years, as well as some subjects of the sample of the present study (►Table 1). The study aimed to check the effects that can be caused by presbycusis in speechevoked responses. The evaluation was performed in both ears, but they used the average between them, and the values found in this group were: peak V ¼ 6. 14 Again, the values that do not agree with the present research are slightly lower. In the literature, there are no other studies on hearing loss in the research of the speech-evoked ABR, as also evidenced in a review that sought to examine the applicability of the speech-evoked ABR in the clinical practice. 16 It confirmed the lack of research on the population that is represented in the present study. In addition, this study underscores the importance of the response of the auditory pathway at the level of the brainstem and at higher levels, for differential diagnosis. It is known that click-evoked ABR is used mainly in the differential diagnosis of cochlear and retrocochlear disorders. 17 There is a limitation, however, because only sensorineural losses up to the moderate degree have waves with absolute latencies and normal interpeaks.
18
In comparison, the speech-evoked ABR offers the possibility of research on the auditory pathway at higher levels than the click-evoked ABR, because, as mentioned before, it is known that it allows the view of an upper region of the brainstem up to the subcortex.
2 As can be seen in the SG, the responses could be recorded for the consonant /d/ and the vowel /a/ of the stimulus, that is, both portions of the tracing, the transient portion (V-A complex) and the sustained portion (FFR), even in individuals with a moderately severe degree of hearing loss. Considering the sample of the SG (►Table 1), all individuals reported difficulty in speech comprehension or another factor that would indicate a disorder of any central auditory skills. The authors of this study assumed that the individuals who presented an absence of a wave (►Table 2) may have hearing disorders, because it is known that the speech-evoked ABR is a valid tool to evaluate the auditory function of the brainstem in subjects who have auditory processing disorders.
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The final analysis of the data from the present study (►Table 2) shows that the mean latency values of the SG are equivalent to the reference values, with the exception of wave C, which shows an increase in latency, when the SD is taken into consideration. A change in this wave, in particular, reflects a failure in neural encoding at the time of transition from the consonant to the beginning of vocalization. 9 This change in sound information must be perceived by the auditory pathway, otherwise there may be difficulty in speech comprehension. To avoid this failure and allow speech perception to happen fully, there have to be quick and synchronous neural responses that can encode sound efficiently, thus capturing the harmonic changes and frequencies that occur quickly and suddenly during speech. For such purpose, these skills can be observed through the analysis of wave C on the FFR. Given the small amount of studies with adults with hearing loss, 16 the present study discusses the data found with younger age groups. Such a comparison with children does not become a problem, because unlike cortical responses, the neuromaturation of the auditory pathway for the encoding of speech in the brainstem is completed at around 5 years of age. . Although the latency values of both groups in the present study were increased, they are similar to the findings described before, with the exception of wave F, which was substantially increased in the SG.
The latency values for the normal group found in the aforementioned study served as a standard for another study, 21 which aimed to compare 36 children aged between 7 and 11 years, 18 with typical language development and 18 with a phonological disorder. The latency values for the normal group were: peak V ¼ 7.41; trough A ¼ 9.39; trough C ¼ 19.42; and trough F -¼ 40.10. For the group with phonological disorders, the values were: peak V ¼ 8.58; trough A ¼ 10.32; trough C ¼ 18.76; and trough F ¼ 40.00. Again, the waves V and A presented increased latency in the group diagnosed with phonological disorders, and the values of the present study corroborate these findings, with the exception of wave F of the SG. Both mentioned studies 9,10 provide the same information.
It is believed that the change in wave F, which is part of the sustained portion (FFR), could lead to difficulty in encoding the harmonics present in speech sounds, which is transmitted by the frequency of the stimulus. However, for some reason, the 24 which sought to demonstrate the applicability of the speech-evoked ABR in the clinical practice, found a strong relationship between changes in auditory processing and changes in the speech-evoked ABR. In the study, an analysis of 27 medical records of subjects aged between 7 and 15 years, with changes in the speech-evoked ABR, was performed. A total of 23 subjects presented changes in auditory processing. Thus, this research indicated that the speech-evoked ABR may assist in the assessment of auditory processing, reinforcing the assumption of the present study, that is, the absence of waves can be due to changes in the auditory processing of the sample. The speech-evoked ABR is not influenced by up to moderately severe hearing loss; moreover, it can provide information about auditory processing disorders, serving as a complementary evaluation of the hearing processing 1,9,24 Additionally, it does not depend on the conscious participation of the patient in the assessment, thus it is a quick and objective test. It may also be used as a biomarker, as suggested in a previous study for both speech therapy and learning disorders, as well as for auditory training. 4, 5, 25 Therefore, further research is suggested with individuals with hearing loss, using other equipment, as well as the SmartEP device, for future comparisons.
Conclusion
The speech-evoked ABR could be performed in subjects with up to moderately severe hearing loss. The test proved to be appropriate, because, unlike the click-evoked ABR, it was not influenced by peripheral hearing loss.
